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© Grading device used in manufacture of filter plugs for cigarettes. 



© A grading device includes an assembly drum- 
(58) with feedirvg 9rooves(136). and a grading drum- 
(60) arranged adjacent to the assembly drum(58) 
and rotating in the opposite direction from that of the 
assembly drum(58) at a twice peripheral speed. The 
grading drum(60) has a pair of groove arrays which 
have grading grooves(213) with a pitch twice that of 
feeding grooves{136) on the assembly drum(58). 
The grading grooves(213) of adjacent arrays are 
shifted from each other by a half pitch. The grading 
device further includes a pair of fork claws(224) for 
holding a pair of charcoal plugs(CF2) received m the 
< feeding 9roove(136) in cooperation with the outer 
— peripheral surface of the grading drum(60) when the 
3 paired charcoal plugs(CF2) on the assembly drum- 
C9 (58) pass by the grading drum(60), thereby the 
Oi paired charcoal plugs(CF2) being put into the cor- 
K responding grading groove{213) while rolling on the 
*0 grading drum(60). 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a filter plug 
feeding apparatus for manufacturing filter piugs for 
cigarettes, and in particular, to a grading device for 
separating components or elements of filter plugs 
coaxially arranged, from one another in their feed- 
ing direction during the filter plug manufactunng 
process. 



Description of 1t>e Related Art 

A typical example of a filter cigarstle manufac- 
turing machine or a so-called filter attachment is 
disclosed in U.S. Pat. No.4,867,734. This conven- 
tional filter attachment is provided with a filter plug 
feeding apparatus, which forms dual filter plugs, 
and feed the fomied filter plugs to grooved drums 
which constitute a transportation path of the fitter 
attachment. The transportation path is used to 
transport pairs of cigarettes in the filter attachment. 

More specifically, the feeding apparatus com- 
prises a pair of hoppers, which are stored individ- 
ually with charcoal filter rods and plain filter rods. 
The charcoal and plain filter rods delivered from 
the pair of hoppers are transferred toward the 
transportation path. In this process of transfer, var- 
ious operations, such as cutting, separation, joining, 
grading, orientation, etc., are carried out. At the end 
of ttie transfer process, dual filter plugs are formed 
each having one plain plug and a pair of charcoal 
tips situated individually on the opposite sides 
thereof- Each dual filter plug formed in ttiis manner 
is fed to tiie transportation path, and is located 
between a pair of cigarettes on this transportation 
path. Plain plugs and charcoal tips are obtained by 
cutting plain filter rods and charcoal filter rods, 
respectively. 

In the filter attachment, thereafter, the pair of 
cigarettes and ttie dual filter plug are connected to 
one another by means of a tip paper piece, where- 
upon a double filter cigarette which is equivalent to 
two filter cigarettes is formed. The double filter 
cigarette is cut into two equal parts or filter ciga- 
rettes. , 
The formation of the dual fitter plug mentioned 
before will be described below in detail. The char- 
coal filter rod is cut into a pair of charcoal half rods. 
These charcoal half rods are separated from each 
other in their axial direction. On the other hand, the 
plain fiKer rod is supplied between the pair of 
charcoal half rods, and is situated coaxially with 
these charcoal half rods. 

Vne pared charcoal half rods and the plain 
filter rod are individually cut into equal parts to 
obtain a pair of charcoal groups and one plain 



group. Elements in the respective groups are plural 
charcoal chips or plain plugs, which are coaxially 
situated. 

The aforesaid dual filter plug is fomied by 
5 combining charcoal chips talten out one by one 
from individual charcoal groups and one plain plug 
t^en out from the plain group. 

In order to form a dual filter plug, during a 
process of feeding charcoal and plain groups, it is 
w required to separate elements of each group from 
each other in their feeding direction, that is, to 
perform grading so that only a paired charcoal and 
one plain plug are coaxially situated. 

For this reason, a device for separaSng ele- 
15 ments in each group from each other in ttie feeding 
direction, that is, a grading device, is incorporated 
into the known filter plug supply apparatus de- 
scribed before. The grading device includes means 
for successively catching elements in each group 
20 in order to temporarily stop the feeding of the 
elements or means for decreasing or increasing the 
feeding speed of the elements in the group. Thus, 
the group elements can be separated from each 
other in the feeding direction. 
25 However, in the grading manner described 
above, excessive force is applied to ttiese ele- 
ments because the feeding speed of individual 
elements is suddenly varied. For this reason, an 
impression occurs on the outer peripheral surface 
30 of these elements, that is. charcoal chips and plain 
plugs, or chips or plugs are collapsed, causing 
deformation. In particular, in the case where char- 
coal chips and plain plugs are obtained by cutting 
a neo-filter rod made of a pulp fiber, restoring 
35 ability of these chips and plugs is low, therefore, 
the above-mentioned impression or deformation is 
easy to leave therein. Such an impression or de- 
formation influences formafion and feeding of dual 
filter plugs in the next stages, and causes an 
40 disadvantage that the supply of dual filter plugs to 
the aforesaid transportation path becomes impos- 
sible, or wrapping of chip paper piece in the filter 
attachment is defective. 



45 SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a grading device which is capable of separating a 
plurality of fitter plug elements coaxially arranged 
50 from each other in the feeding direction thereof 
without causing an impression or a deformation in 
these elements during the feeding of filter plug 
elements. 

The above object is achieved by a grading 
55 device according to the present invention. The 
grading device comprises a first drum rotating in 
one direction at a first circumferential speed, the 
first drum having feeding grooves arranged on its 
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outer peripheral surface in the circumferential di- 
rection with a first pitch, each feeding groove feed- 
ing a plurality of filter plug elements as the first 
drum rotates, a second drum arranged adjacent to 
the first drum and rotating in the direction reverse 
to the rotating direction of the first drum, the sec- 
ond drum rotating at a second circumferential 
speed which is higher by a multiple equal to the 
number of elements received in the feeding 
grooves as compared with the first circumferential 
speed of the first drum, and grading means for 
successively transferring the elements received in 
the feeding groove from the first drum to the sec- 
ond drum. 

The grading means includes a plurality of 
groove arrays arranged on the outer peripheral 
surface ot the second drum in the axial direction 
thereof so as to correspond to individual element 
received in the feeding grooves, each groove array 
having grading grooves which are arranged in the 
circumferential direction of the second drum with a 
second pitch and which is capable of receiving at 
least one element, the second pitch of the grading 
grooves being equal to a distance equivalent to the 
multiple of the first pitch, and the grading grooves 
of adjacent groove arrays being shifted from each 
other by a distance corresponding to the first pitch, 
and rolling means for rolling at least one element, 
of which the transfer should be delayed, among the 
elements received in the feeding groove, on the 
outer peripheral surface of the second drum, when 
the feeding groove receiving the elements passes 
by the second drum as the first and second drums 
rotate. 

In the aforesaid grading device, when elemems 
received in the feeding groove of the first drum 
pass by the second drum, at least one element 
rolls on the outer peripheral surface of the second 
drum, on the basis of the difference in the circum- 
ferential speed between the first and second 
drums, and then is received in the grading groove 
of the corresponding groove array. Thus, when 
these elements in the feeding groove of the first 
drum are individually transferred in the grading 
grooves of adjacent groove arrays of the second 
drum they are separated from each other in the 
feeding direction. Thereafter, these elements re- 
ceived in the grading grooves are further fed as the 
second drum rotates. 

As described above, since the element rolls on 
the outer peripheral surface of the second drum 
during the transfer thereof from the first drum to 
the second drum, external force is not focally ap- 
plied to the rolling element. Therefore, the element 
cause neither impression on its outer peripheral 
surface nor deformation due to collapse. As a re- 
sult the grading device can transfer elements in 
feeding groove to the grading grooves of the 



groove arrays and toward the cigarette transporta- 
tion path without giving a damage to them. 

The rolling means may include guide for guid- 
ing the element in the feeding groove toward the 
5 grading groove of second drum when the element 
passes by the second drum. The guide temporanly 
hold the element in cooperation with the outer 
peripheral surface of the second drum so that the 
element can be rotated in the feeding groove while 
70 rolling on the outer peripheral surface of the sec- 
ond drum. If there is provided such a guide, the 
element can be securely transferred into the grad- 
ing groove of the second drum without springing 
out from the feeding groove. 
75 More specifically, the guide extends inward the 
first drum without hindering the rotation of first 
drum, and has a guide surface opposed to the 
outer peripheral surface of the second drum. The 
guide surface forms a holding space tapered to- 
20 ward the rotating direction of the second drum in 
association with the outer peripheral surface of the 
second drum. Thus, when the element in the feed- 
ing groove pass by the second drum, the elements 
is held in the holding space, so that the element 
25 can securely be rotated In the holding space while 
rolling on the peripheral surface of the second 

drum. . 

Preferably, the guide is formed on one end 
portion of a cowl member extending along the 
30 outer peripheral surface of the second drum. The 
cowl member serves to securely hold elements 
received in grading grooves of the second drum 
during feeding on the second drum. 

The rolling means described before may in- 
35 elude friction means for increasing frictional coeffi- 
cient of the outer peripheral surface of the second 
drum. Specifically, the friction means has a coating 
layer with high frictional coefficient, formed on the 
outer peripheral surface of the second drum. When 
40 the element in the feeding groove reach the coatt- 
ing layer of the second drum, the element securely 
rolls on the coating layer, and is not in slide in 
oorrtacl with the coating layer. 

Preferably, each of the grading grooves de- 
45 scribed before has a ridge proiecting from its edge 
on the rear side in the rotating direction of the 
second drum. The ridge extends along the grading 
groove. If the grading groove is provided with such 
a ridge, the element rolling on the second drum is 
50 engaged by the ridge, so that the ridge securely 
puts the element into the grading groove. 

The grading means can further include suction 
means for sucking air in the grading groove by 
suction. The suction means securely pulls the ele- 
55 ment rolling on the outer peripheral surface of the 
second drum into the grading grooves. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will becx>me more fully 
understood from the detailed description given 
herein below and the accompanying drawings s 
which are given by way of illustration only, and 
mus. are not limitative of the present invention, and 
wherein: 

FIG. 1 is a schematic front view showing a filter 

attachment; 

FIG 2 is a diagram showing the flow of filter 
cigarette manufacturing processes in the filter 
attachment of RG. 1; 

FIG 3 is an enlarged view showing a filter plug 
feeding apparatus for the filter attachment of is 

Fie 4 is a diagram showing the flow of a dual 
filter plug forming process in the plug feeding 
apparatus of F16. 3; 

FIG 5 is a diagram showing the flow of a non- 20 
dual filter plug forming process in the filter plug 
feeding apparatus of FIG. 3; 
FIG. 6 is a longitudinal sectional view showing a 
hopper drum of FIG. 3; 

FIG. 7 is a longitudinal sectional view showing a 25 

separation drum of FIG. 3; 

FIG. B is a cross-sectional view of the separation 

drum of FIG. 7; 

FIG 9 is a development showing the outer pe- 
ripheral surface of the separation drum of FIG. 3o 

FIG. 10 is an enlarged view showing part of the 

separafion drum of FIG. 7; 

FIG. 11 is a longitudinal sectional view showing 

an assembly dnjm of FIG. 3; 

FIG 12 is a view showing a supporting structure 

and a power transmission system for rotary 

knives attached to the assembly drum; 

FIG. 13 is an enlarged view showing part of the 

plug feeding apparatus of FIG. 3; 
FIG 14 is a view showing a state in which rotary 
knives of FIG. 13 are separated from their cor- 
responding drums; . 
FIG. 15 is a longitudinal sectional view showing 
a first grading drum of FIG. 3; 
FIG. 16 is a cross-sectional view of the first 
grading drum of FIG. 15; 
FIG 17 is a development showing me outer 
peripheral surface of the first grading drum for ^ 
fonning dual filter plugs; 

FIG. 18 is a diagram for illustrating the function 

of the first grading drum; 

FIG 19 is a development showing the outer 

peripheral surface of the first grading drum for 

forming non-dual filter plugs; 

FIG. 20 is a longitudinal sectional view showing 

a first aligning dmm of FIG. 3; 



FIG 21 is a development showing the outer 
peripheral surface of the first aligning drum for 
forming dual fitter plugs; 

FIG. 22 is a cross-sectional view of the first 

aligning drum of FIG. 20; 

FIG. 23 is an enlarged view showing part of the 

first aligning drum of FIG. 20; 

FIG 24 is a development showing the outer 

peripheral surface of the first aligning drum for 

forming non-dual filter plugs; 

FIG 25 is a view showing a state in which rotary 

knives are separated from the first aligning drum 

FIG. 26 is a longitudinal sectional view showing 

a second aligning drum of FIG. 3; 

FIG. 27 is a cross-secfional view of the secona 

aligning drum of FIG. 26; 

FIG 28 is a development showing the outer 

peripheral surface of the second aligning drum 

for forming dual filter plugs; and 

FIG 29 is a development showing the outer 

peripheral surface of the second aligning drum 

for forming non-dual filter plugs. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, a filter cigarette manufac- 
turing machine or filter attachment comprises a 
main frame 2. In FIG. 1. a drum train 4 is provided 
at the right-hand portion of the main frame 2. and 
extends from the right-hand end of the main frame 
2 to a wrapping section 6. The drum tram 4 in- 
cludes a plurality of grooved drums, which have a 
large number of grooves (not shown) each. These 
qrooves are arranged at regular intervals on ttie 
outer peripheral surface of each drum. A grooved 
drum 5a, which is located at the right-hand end of 
the drum train 4 as shown in FIG. 1. can receive 
double cigarettes by means of its grooves, individ- 
ually as it rotates. Each double cigarette, which is 
manufactured by means of a cigarette manufactur- 
ing machine (not shown), has a length twice that of 
each cigarette which is used in a filter cigarette. 

When each grooved drum rotates in a conven- 
tional manner, double cigarettes which are fed to 
the right-hand end of the drum train 4 transfer in 
succession to the adjacent grooved drums on the 
left-hand side as they are transported toward the 
wrapping section 6. Another grooved drum 5b in 
the drum train 4 is provided with a rotary knife a 
As each double cigarette on the grooved drum 9b 
passes the knife 8, the knife 8 cuts the double 
cigarette into equal parts. As a result, two single 
cigarettes are obtained from one double cigarette 
in a manner such that they are situated coaxially 
with each other. As the two single cigarettes are 
transported toward the wrapping section 6. they are 
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separated from each other in the axial direction 
thereof, whereby a predetermined space is secured 
between them. 

in FIG. 2. a region Ai corresponds to pro- 
cesses in which two single cigarettes SC are 
formed from a double cigarette DC, and the pre- 
determined space is secured between the single 

cigarettes SC. 

As shown in FIG. 1, a filter plug feeding ap- 
paratus 10 is located over the drum train 4. The 
feeding apparatus 10 feeds filter plugs one after 
another to the drum train 4. and supplies each filter 
plug to the space between the two single cigarettes 
SC which are transported coaxially with each other 
on a grooved dmm 5c in the drum train 4. There- 
after, the filter plug and the two single cigarettes 
SC are transported toward the wrapping section 6 
on the dmm train 4. The feeding apparatus 10 will 
now be descrit)ed in detail. 

In FIG. 2, a region A? corresponds to a process 
in which filter plugs FP are fed toward the drum 
train 4 while a region A3 corresponds to a state in 
which a filter plug FP Is interposed between the 
two single cigarettes SC. Ttie filter plug FP has a 
length twice that of each filter tip which is to be 
attached to a single cigarette SC. 

When the two single cigarettes SC, which are 
transported together with the filter plug FP on the 
drum train 4, pass a grooved drum 5d which is 
situated at the terminal of ttie drum train 4, they 
are moved in their axial direction so that they come 
Intimately into contact with the opposite ends of the 
filter plug FP, individually. This state is represented 
by a region A* in FIG. 2. 

As Is evident from the above description, the 
drum train 4 sen/es successively to transfer ciga- 
rette groups, each Including two single cigarettes 
Sc and one filter plug FP, to the wrapping section 
6. 

Besides ttie cigarette groups, paper pieces are 
fed in succession to the wrapping section B. Paste 
is applied to one side of each paper piece. A paper 
piece feeding apparatus 12 is provided with a pair 
of web rolls 14 and 16, which are located over the 
left-hand end of the main frame 2. A paper PW 
delivered from the working web roll 14 is guided 
along a guide patti. which is formed of a large 
number of guide rollers, to a suction drum or 
receiving drum 18. The receiving drum 18 is lo- 
cated near the wrapping section 6 witii an edged 

drum 28. . , .. 

Successively arranged in the guide path for tne 
paper PW. from the upper stream side thereof to 
the lower stream side, are a connecting device 20 
for changing the working web roll, a reservoir 22 for 
the paper PW, a device 24 for applying the paste 
to one side of the paper PW. and a drier 26 for 
preliminarily drying the applied paste. 



As the receiving drum 18 and ttie edged drum 
28 rotate, the paper PW on the receiving drum 18 
is cut into individual paper pieces PC having a 
predetermined length, and these paper pieces PC 
5 are fed in succession to the wrapping section 6. 

In the wrapping section 6, a paper piece PC is 
wound like a ring around the center of one ciga- 
rette group received from the drum train 4. where- 
by the single cigarettes and ttie filter plug are 
,0 connected to one another. Thus, the wrapping sec- 
tion 6 forms a double fitter cigarette DFC which is 
equivalent to two filter cigarettes. In FIG. 2, an area 
As corresponds to processes of feeding the paper 
piece PC to the wrapping section 6 and winding 
75 the paper piece PC, and ttie hatching in the paper 
piece PC represents a paste-backed surface. 

The formed double filter cigarette DFC is deliv- 
ered from the wrapping section 6 to a drum train 
30 This drum train 30, like the aforementioned 
20 drum train 4. includes a plurality of grooved drums, 
and extends to the left-hand end of the main frame 
2. THe terminal of the drum train 30 is connected 
to a cigarette conveyor 32. 

The double filter cigarette DFC ted to ttie drum 
25 train 30 is transported as each grooved drum in the 
drum train 30 rotates. One grooved drum 31 In ttie 
dmm train 30 is provided with a rotary knife 34. As 
the double filter cigarette DFC passes the knife 34. 
the knife 34 cuts the double filter cigarette DFC in 
30 the center of its filter plug FP. As a resutt, ttie 
double filter cigarette DFC Is divided into two filter 
cigarettes FC. As the filter cigarettes PC are then 
transported on the drum train 30, they are sepa- 
rated from each other in the axial direction ttiereof. 
35 Thereafter, the filter cigarettes FC are delivered 
from the drum train 30 to the cigarette conveyor 
32 After orienting the received filter cigarettes FC. 
the cigarette conveyor 32 transports ttiese filler 
cigarettes toward a packaging machine (not 

40 shown). 

In FIG. 2. a region As corresponds to pro- 
cesses In which the two filter cigarettes FC are 
formed from the double filter cigarette DFC. and 
are separated from each otiier. 



45 



Filter Plug Feeding Apparatus 



Referring to FIG. 3, there is shown In detail ttie 
aforementioned fitter plug feeding apparatus 10. An 

50 outline of the feeding apparatus 10 will now be 
described in brief. 

The feeding apparatus 10 is provided wrth a 
pair of hoppers 40 and 42. The hoppers 40 and 42 
are located over the drum train 4, and are kept 

55 apart from each other in the horizontal direction. A 
pair of rod supply devices 44 are attached to the 
left-hand end portion of ttie hopper 40 and the 
right-hand end portion of ttie hopper 42. respec- 
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lively. 



Each supply device 44 includes a pair oi belt 
conveyors 46. These conveyors 46 extend verti- 
cally so that a rod inlet passage is defined between 
them. Ttie lower end of the rod inlet passage is 
connected to a reorientation device 47. while the 
upper end thereof opens into its corresponding 
hopper. The reorientation device 47 is connected to 
a filter rod manufacturing machine (not shown) fay 
means of an air tube (not shown). This manutactur- 
ing machine can manufacture filter rods which are 
longer enough than the filter plugs, and deliver the 
manufactured filter rods into the air tube. The filter 
rods in the air tube, along with an air cun^nt, are 
transported to the reorientation device 47. The 
reorientation device 47 successively feed the filter 
rods transported thereto into the rod inlet passage 
between the pair of conveyor belts 46. As the belt 
conveyors 46 are driven, thereafter, the filter rods 
are fed into their corresponding hopper through the 
rod inlet passage. Then, the reorientation device 47 
feeds the received filter rods into the rod inlet 
passage in a manner such that the respective axes 
of the filter rods extend at right angles to the rod 
iniet passage, whereupon the filter rods in ttie 
hopper are oriented in position. 

Each of the hoppers 40 and 42 has a discharge 
port 48 at is lower part, and the front and rear 
edges of the port 48 are defined by the front and 
rear walls of the hopper, respectively. The front 
and rear walls 41 and 43 (see FIG. 6) of the 
hoppers 40 and 42 can move back and forth. Thus, 
the depth of each hopper and discharge port 48 
can be adjusted in accordance with the lengtti of 
the filter rods by moving the front and rear walls 41 
and 43 back and forth. This adjustment prevents 
the center of the discharge port 48 of each hopper 
in the depth direction thereof from changing even 
though the size of the port 48 is changed. 

An agitator roller 50 is located in the vicinity of 
the discharge port 48 of each hopper. The roller 50 
serves smoothly to guide the filter rods in the 
hopper toward the discharge port 48 by rotating. 

The discharge ports 48 of the hoppers 4Da and 
42 are connected to the drum train 4 by mens of a 
drum train 45. The drum train 45, like the dmm 
trains 4 and 30, includes a plurality of grooved 

drums. ^„ . 

The discharge ports 4B of the hoppers 40 and 
42 are closed by part of the outer peripheral sur- 
faces of hopper drums 52 and 54 in the drum tram 
45 respectively. The hopper drums 52 and 54 are 
ananged in a manner such that the centers of their 
respective outer peripheral surfaces, with respect 
to the width direction, coincide with the center of 
corresponding discharge port 48. 

A separation drum 56 is located adjacent to the 
hopper drum 52 on the side of the hopper 42, and 



an assembly drum 58 is provided between the 
separation drum 56 and the other hopper drum 54. 
The assembly drum 58 adjoins both of the drums 
54 and 56. 

5 A first grading drum 60 is located adjacent to 
the underside of the assembly drum 58. and a first 
aligning drum 62 adjoins the underside of the drum 
60. Moreover, a second grading drum 64 is located 
adjacent to the underside of the first aligning drum 
,0 62, and a second aligning drum 66 is provided 
between the drum B4 and the grooved drum 5c in 
the drum train 4 so as to adjoin both these drums. 

Basically, each of the above-described drums, 
ranging from the hopper drums 52 and 54 to the 
,s second aligning drum 66, is formed of a grooved 
drum. While the hopper drums 52 and 54 are 
rotating, therefore, their grooves can receive the 
filter rods in their corresponding hoppers as they 
pass the discharge ports 48 of the hoppers. There- 
20 after, the filter rods on the hopper drums, like the 
double cigarettes and single cigarettes transported 
by means of the drum trains 4 and 30, transfer in 
succession to the adjacent drums as they are fed 
toward the drum train 4. In FIG. 3, each drum is 
25 rotated in the direction of the arrow therein. 

The hopper drums 52 and 54 are provided with 
rotary knives 65 and 66. respectively. The assem- 
bly drum 58 have a plurality of rotary knives 68, 
and the first aligning drum 62 also have a plurality 
30 of rotary knives 70. The numbers of the rotary 
knives 68 and 70 are settled depending on the type 
and length of the filter plugs to be formed. For 
example, the assembly drum 58 has two rotary 
knives 68, while the first aligning drum 62 has three 
35 rotary knives 70. In this case, those filter plugs 
which are fed to the drum train 4 by the apparatus 
10 are dual filter plugs. The number of the rotary 
knives 70 is not limited to three, and may alter- 
natively be six. 
40 In order to form the dual filter plugs, the one 
hopper 40 is stored with charcoal filter rods, and 
the other hopper 42 with plain filter rods. The plain 
filter rods are formed of a filter material such as 
acetate fibers, pulp fibers, etc. The charcoal filter 
45 rods are obtained by charging plain filter rods with 
activated charcoal particles. 

FIG. 4 shows a flow of processing for charcoal 
filter rods CFo and plain filter rods PFo. In RG. 4, 
charcoal filter rods CFo is hatched. 
50 As a charcoal filter rod CFo discharged from 
the hopper 40 onto the hopper drum 52 passes the 
rotary knife 65, it Is cut into two equal charcoal half 
rods CFi by the knife 65. 

Tliereafter, the two charcoal half rods CFi, 
55 which are coaxial with each other, transfer from the 
hopper drum 52 to the separation drum 56. After 
the two charcoal half rods CF, on the separation 
drum 56 are separated axially from each other. 
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they transfer to ttie assembly drum 58. Thus, a 
predetermined space is secured between the two 
charcoal half rods CFi on the assembly drum 58. 
Further, each charcoal half rod CFi on the assem- 
bly drum 58 is cut into two equal charcoal plugs 
CF2 by one of the rotary knives 68. 

As a plain filter rod PFq discharged from the 
hopper 42 onto the hopper drum 54 passes the 
rotary knife 66, on the other hand, it is cut into two 
equal plain half rods PFi by the knife 66. There- 
after, the two plain half rods PFi transfer from the 
hopper drum 54 to the assembly drum 58. The 
plain half rods PFi are situated between the two 
charcoal half rods CF^, on the assembly drum 58. 
Thus, on the assembly drum 58, a first rod group is 
formed including the two charcoal half rods CFi, 
separated right and left, and the two plain half rods 
PFi, which are coaxially arranged side by side. At 
this time, as seen from FIG. 4. each charcoal half 
rod CFi is already cut into the two charcoal plugs 
CF2. 

When the components in the first rod group 
transfer from the assembly drum 58 to the first 
grading drum 60. thereafter, the two plain half rods 
PFi are separated in their feeding direction. The 
two pairs of charcoal plugs CF2 are also separated 
in their feeding direction. 

On the first grading drum 60, as seen from 
FIG. 4. the components in the first rod group are 
separated into two second rod groups in the feed- 
ing direction. Each second rod group Includes one 
plain half rod PFi and a pair of charcoal plugs CF2 
which are situated individually on the opposite 
sides of the rod PFi . 

The components In each second rod group 
transfer from the first grading drum 60 to the first 
aligning drum 62. On the first aligning drum 62, the 
plain half rod PFi and the two charcoal plugs CF2 
are situated on predetermined feeding lines, re- 
spectively. When the components in the second 
rod group passes their corresponding rotary knives 
70. thereafter, the plain half rod PFi is cut Into two 
equal plain plugs PF2, and each charcoal plug CF2 
is cut into two equal charcoal tips CF3- Thus, a first 
plug group is formed on the first aligning drum 62. 
The first plug group includes two plain plugs PF2 
and two pairs of charcoal tips CF3 situated individ- 
ually on the opposite sides of the plugs PF2. 

If the first aligning drum 62 has six rotary 
knives 70, then each component in the second rod 
group will be cut into three equal parts. In this 
case, the first plug group includes three plain plugs 
PF2 and two sets of three charcoal tips CFg situ- 
ated individually on the opposite sides of the plugs 
PFz. 

When the elements in the first plug group 
transfer from the first aligning drum 62 to the 
second grading drum 64, thereafter, the first plug 



group, like the aforementioned first rod group, is 
divided into two or three second plug groups by 
the agency of the drum 64. Each second plug 
group includes one plain plug PF2 and a pair of 
5 charcoal tips CF3 which are situated individually on 
the opposite sides of the plug PF2- 

When the elements in each second plug group 
transfer from the second grading drum 64 to the 
second aligning drum 66, one charcoal tip CF3 is 
70 adhered to each end of each plain plug PF2, 
whereupon a dual filter plug FPd is obtained. In this 
state, the filter plug FPd is centered axially on the 
second aligning drum 66. 

Thereafter, the filter plug FPt, is fed from the 
75 second aligning drum 66 to the grooved drum 5c in 
the drum train 4. and is situated between a pair of 
single cigarettes SO on the drum 5c. The feed of 
the filter plug PFq is represented by the region Aa 
in FIG. 2. 

20 The above-described feeding apparatus 10 is 
applicable to the feed of non-dual filter plugs as 
well as dual filter plugs FPp- The non-dual filter 
plugs include plain filter plugs, triple filter plugs, 
recessed filter plugs, etc. 
25 in the case where the feeding apparatus 10 
feeds non-dual filter plugs to the drum train 4, both 
of its hoppers 40 and 42 are stored with filter rods 
of the same type and length. In the description to 
follow, the feeding apparatus 10 is supposed to 
30 feed plain filter plugs. In this case, the hoppers 40 
and 42 are stored with plain filter rods DP'o and 
DPo, respectively, which have a length equal to 2/3 
of that of the plain filter rods PFo- 

Referring to FIG. 5. there is shown a flow of 
35 processing tor the plain filter rods DP'o and DPo 
delivered from the hoppers 40 and 42. 

Each plain filler rod DP^o delivered from the 
hopper 40 onto the hopper drum 52 is cut into two 
equal plain filter plugs DP'i by the rotary knife 65. 
40 and the plugs DP'i transfer from the hopper drum 
52 to the separation drum 56. The plain filter plugs 
DP'i on the separation drum 56 transfer to the 
assembly drum 58 after they are separated from 
each other in the axial direction. On the other hand. 
45 each plain filter rod DPo delivered from the hopper 
42 to the hopper drum 54 is cut into hvo equal 
plain filter plugs DPi by the rotary knife 66. and 
the plugs DPi transfer from the hopper drum 54 to 
the assembly drum 58. On the assembly drum 58, 
50 the plugs DPi are situated between the two plain 
filter plugs DP'i. Each plain plug DP'i on the 
assembly drum 58 will not be cut further. Thus, on 
the assembly drum 58. a third plug group is 
formed including the four plain plugs. 
55 When the components in the third plug group 
transfer from the assembly drum 58 to the first 
grading drum 60, the third plug group is divided 
Into two fourth plug groups in the feeding direction. 
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As shown in FIG. 5. each fourth plug group in- 
cludes the plain filter plugs DPi and DP'i . 

When the elements in each fourth plug group 
transfer from the first grading drum 60 to the first 
aligning drunr^ 62, the plain plugs DPi and DP^ in 
the group are only centered axially without being 
cut further. When the elements in the fourth plug 
group transfer from the first aligning drum 62 to the 
second grading drum 64, thereafter, the plain plugs 
DPi and DPS in the fourth plug group are sepa- 
rated in their feeding direction. 

The plain plugs on the second grading drum 
64 transfer in succession to the second aligning 
drum 66, and are centered axially on the drum 66. 
whereupon a non-dual filter plug FPnd is obtained. 
Thereafter, the filter plug FPnd is fed from the 
second aligning drum 66 to the grooved drum 5c in 
the drum train 4, and is situated between a pair of 
single cigarettes SC. 

On the first aligning drum 62. each of the plain 
filter plugs DP'i and DPi will not be cut further. In 
the case where the plain filter rods fed from the 
hoppers 40 and 42. that is. the plain filter plugs 
DP'i and DPi, are relatively long, each of them 
may be cut into a plurality of parts by means of the 
rotary knives 70. 

The above is a description of an outline of the 
feeding apparatus 10, The individual drums and 
their peripheral arrangements will now be de- 
scribed successively in detail. To avoid repeated 
description, like reference numerals are used to 
designate like members and regions with the same 
functions throughout the several views. 

Hopper Drums 

Referring to FIG. 6, there is shown an example 

of the hopper drums 52 and 54. Since these hop- 
per drums 52 and 54 have substantially the same 
construction, only the one hopper drum 52 will be 
described in the following. 

The hopper drum 52 has a drum shaft 72 in 
the center. The drum shaft 72 is surrounded by a 
fixed sleeve 74, and an annular gap 73 is secured 
between the shaft 72 and the sleeve 74, The drum 
shaft 72 is rotatably supported on the fixed sleeve 
74 by means of a pair of bearings 76 and 78. The 
fixed sleeve 74 is supported by the main frame 2 
in a manner such that its proximal end portion is 
inserted in the frame 2. 

The drum shaft 72 projects from the proximal 
end of the fixed sleeve 74 into the interior of the 
main trame 2. and its proiecttng end portion is 
Med with a plurality of gears. These gears con- 
stitute part of a power transmission system BO. 
When power is transmitted from the transmission 
system 80 to the drum ^aft 72, the shaft 72 is 
rotated in one direction. 



The fixed sleeve 74 perpendicularly extends 
with respect to the main frame 2, and a plurality of 
openings 82 are formed in the outer peripheral 
surface of the distal end portion of the sleeve 74. 
5 These openings 82 are arranged at intervals in the 
circumferential direction of the fixed sleeve 74. 

A plurality of axial passages 84 are formed in 
the fixed sleeve 74. The opposite ends of each 
passage 84 are connected to each opening 82 and 
TO a suction passage 86 in the main frame 2, individ- 
ually. The suction passage 86 is connected to a 
suction source which includes a blower (not 
shown). Thus, a constant suction pressure is con- 
tinually supplied from the suction source to the 
75 openings 82 through the suction passage 86 and 
the axial passages 84. 

The openings 82 of the fixed sleeve 74 are 
externally covered airtight by a control sleeve 88. 
The control sleeve 88 is fixed to the distal end of 
20 the fixed sleeve 74 by means of a connecting disk 
90, at least one connecting bolt 92. and a position- 
ing pin 94. The positioning pin 94 settles the rota- 
tional phase of the control sleeve 88 with respect to 
the fixed sleeve 74. In the case where the sleeves 
25 74 and 88 are formed with their respective marks 
instead of using the positioning pin 94, the rota- 
tional phase of the control sleeve 88 compared with 
the fixed sleeve 74 can be settled by aligning the 
marks, 

30 The inner peripheral surface of the control 
sleeve 88 is formed with a groove, which forms a 
suction chamber 83 in conjunction with the open- 
ings 82 of the fixed sleeve 74. The suction cham- 
ber 83 extends throughout a predetermined region 

35 in the circumferential direction of the hopper drum 
52. 

A drum shell 96 is mounted airtight on the 
outer peripheral surface of the control sleeve 88 so 
as to be slidable thereon. One end of the drum 
40 shell 96 Is rotatably supported on the outer periph- 
eral surface of the control sleeve 88 by means of a 
bearing 97. The other end of the shell 96 extends 
beyond the control sleeve 88, and is connected to 
the distal end of the drum shaft 72. 
45 The distal end of the drum shaft 72 projects 
from the fixed sleeve 74, and is releasably con- 
nected to the other end of the drum shell 96. A 
disk 98, knob 100, positioning key 102. and at least 
one connecting screws are used to connect the 

50 drum shaft 72 and the drum shell 96. Thus, the 
shell 96 can rotate integrally with the shaft 72. 

If the knob 100 is loosed to be separated from 
the drum shaft 72 after the connecting screw is 
removed, the drum shell 96, along with the knob 

55 100 and the disk 98. can be easily disengaged 
from the control sleeve 88. The positioning key 102 
settles the rotational phase of the drum shell 96 
with respect to the control sleeve 88. 
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A cylindrical grooved ring 104 is fixed on tlie 
outer peripheral surtace of the drum shell 96, The 
outer peripheral surface of the ring 104 is formed 
with a large number of feeding grooves, which are 
arranged at regular intervals in the circumferential 
direction of the ring 104. When the drum sheli 96 
or the hopper drum 52 is rotated, the filter rods 
(e g. charcoal filter rods CFo) in the hopper 40 are 
received IndividuaHy by the feeding grooves of the 
ring 104. 

One end of each of a plurality of suction holes 
106 opens in the base of each corresponding feed- 
ing groove of the grooved ring 104, These suction 
holes 106 extend radially penetrating the ring 104 
and the drum shell 96. and the other end of each 
hole 106 opens in the inner peripheral surface of 

the shell 96. 

The control sleeve 88 is formed with a plurality 
of suction slots 108. which can e connected in- 
dividually to the suction holes 106 in the feeding 
grooves. More specifically, the suction slots 108 
extend in the circumferential direction of the control 
sleeve 88, from a region in which the hopper drum 
52 faces the discharge port 48 of the hopper 40 to 
a region just short of the circumscription point 
between the drum 52 and the separation drum 56, 
The slots 108 are connected to the suction cham- 
ber 83 at all times. 

Further, the outer peripheral surface of the 
control sleeve 88 is formed with an atmosphere 
groove (not shown). The atmosphere groove is 
situated in a position corresponding to the afore- 
said circumscription point between the hopper 
drum 52 and the separation drum 56, and extends 
in the axial direction of the control sleeve 88. The 
atmosphere groove communicates with the atmo- 
sphere at all times. 

When the individual feeding grooves of the 
grooved ring 104 pass the discharge port 48 of the 
hopper 40 as the drum shell 96 rotates, they are 
connected to the suction chamber 83 through the 
suction holes 106 and the suction slots 108 of the 
control sleeve 88, and a suction pressure from the 
chamber 83 is supplied to the feeding grooves. 
This suction pressure serves to suck the charcoal 
filter rods CFo from the discharge port 48 of the 
hopper 40 into the feeding grooves, and the rods 
CFo are received by the feeding grooves. This 
suction of the charcoal filter rods CFo into the 
feeding grooves is continued until the grooves 
reach the region just short of the aforesaid cir- 
cumscription point between the hopper drum 52 
and separation drum 56. As the hopper drum 52 
rotates, therefore, the feeding grooves of the 
grooved ring 104 take out the charcoal filter rods 
CFo one by one from the hopper 40, and feed the 
delivered rods CFq toward the separation drum 56. 



Since the hopper drum 54 has the same con- 
struction as the hopper drum 52 described above, 
it can take out the filter rods from the hopper 42 
and feed them toward the assembly drum 58. 
5 The size of filter rods stored in the hoppers 40 

and 42 varies depending on the type (dual or non- 
dual) of filter plugs to be fed to the drum train 4 by 
the feeding apparatus 10 and the brand of filter 
cigarettes to be manufactured by means of the 
70 filter attachment. 

However, the front and rear walls 41 and 43 of 
the hoppers 40 and 42 can move back and forth, 
as mentioned before. When the filter rods are taken 
out from the discharge port 48 of each hopper onto 
15 the hopper drum, therefore, the axial center of each 
filter rod is located accurately on the feeding line of 
the hopper drum, or in the axial center of the 
grooved ring 104 thereof. Thus, the filter rods deliv- 
ered to the hopper drum can be accurately trans- 
20 ported on the feeding line of the drum, despite 
their differences in length. In FIG. 6, discharge 
ports 48 whose lengths with respect to the depth 
direction of hopper vary depending on the length of 
the filter rods are indicated by full lines and two-dot 
25 chain lines, respectively. The respective centers of 
these ports 48 are in alignment with the feeding 
line of the hopper drum or the axial center of the 
grooved ring 104. 

Blow pipes 110 are disposed individually in the 
30 passages 84 of the fixed sleeve 74. The pipes 110 
extend through the passages 84 to the suction 
chambers 82. and one end of each pipe 110 is 
connected to a jet groove In the outer peripheral 
surface of the control sleeve 88. The jet groove 
35 extends in the axial direction of the sleeve 88. and 
is situated at circumferential distances from the 
suction slots 108 of the sleeve 88, The other end of 
the blow pipe 110 extends outside the fixed sleeve 
74, and is connected to a pneumatic pressure 
40 source (not shown). When the feeding grooves of 
the grooved ring 104 are cyclically connected to 
the jet grooves through the suction holes 106 while 
the drum shell 96 is rotating, compressed air is 
jetted from the jet grooves into the feeding 
45 grooves, thereby removing dust from the feeding 
grooves. 

Separation Drum 



60 FIG. 7 shows a profile of the separation drum 
56, whose construction is similar to that of each 
hopper drum described above. In the case of the 
separation drum 56. a suction chamber 83 between 
a fixed sleeve 74 and a control sleeve 88 is formed 

55 covering the whole circumference of Itie fixed 
sleeve 74. 

The separation drum 56 also has a drum shell 
96, and a cylindrical grooved ring 112 is mounted 
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on the outer peripheral surface of the shell 96. The 
ring 112 is longer than the grooved ring 104 of the 
aforesaid hopper drum with respect to the axial 
direction. However, the respective axiat centers of 
the rings 1 04 and 112 are In line with each other. 
Thus, the respective feeding lines of the hopper 
drum 52 and the separation drum 56 are aligned 
with each oVner. 

The grooved ring 112 is also formed with a 
large number of feeding grooves 114, The grooves 
114 are arranged at regular intervals in the circum- 
ferential direction of the ring 112, and extend 
throughout the length of the ring 112. The pitches 
between ttie feeding grooves 114 are equal to 
those between the feeding grooves of the hopper 
drum 52. 

Further, each feeding groove 114 has a depth 
such that a filter rod received thereby can be 
hidden entire therein, and its inner surface is 
smoothed. Accordingly, the filter rod in each 
groove 114 can easily slide in its axial direction. On 
the both side of eadi feeding goove 114 are 
formed a pair of leads 114a which extend along the 
feeding goove 114. These leads 114a commu- 
nicate with the feeding groove 114. 

Let it be supposed that each feeding groove 
114 is divided in two. left- and right-hand groove 
portions 1l4i and 114r, from its center thereof in 
the axial direction as shown in FIG. 7. Therefore, 
the groove portions 114l and 114r has one end 
region adjacent to each other. Thereupon, a pair of 
suction holes 116a are formed in the base of one 
end region of each of the groove portions 114l and 
114r, and another pair of suction holes 116b in the 
other end region. These suction holes 116 radially 
penetrate the drum shell 96 and open in the inner 
peripheral surface of the shell 96. 

The control sleeve B8 of the separation drum 
56 is formed with four suction slots 118, which are 
situated In the central region of the sleeve 88 in the 
axial direction thereof. More specifically, the suc- 
tion slots 1 18 can be connected individually to their 
contisponding ones of the four suction holes 116a 
which are situated at the right-hand end portion of 
the groove portion i14l and the left-hand end por- 
tion of the groove portion 114r. As shown in FIG. 8, 
moreover, the suction slots 118 extend in the cir- 
cumferential direction of the control sleeve 88 for a 
predetermined length from the circumscription 
point between the drum 56 and the hopper drum 
52, with respect to the rotating direction of the 
separation drum 56. 

When a pair of charcoal half rods CFi (which 
are obtained by cutting a charcoal filter rod CFo 
into two equal parts on the hopper drum 52) reach 
the circumscription point between the drum 52 and 
the separation drum 56. they transfer from the 
drum 52 to the drum 56. More specifically, when 



the pair of chanioal haH rods CFi are released 
from suction on the side of the hopper drum 52 as 
one of the feeding grooves 114 of the separation 
drum 56 passes by the hopper drum 52, this 
5 groove 114 is connected to the suction slots 118 
by means of the suction holes 116a. At this time, 
the charcoal half rods CF, on the separation drum 
56 are received separately by the left- and right- 
hand groove portions 114^ and 11 4r of the feeding 
JO groove 114, as shown in FIG. 7. 

When the rotation of the separation drum 56 or 
the drum shell 96 is advanced, thereafter, the feed- 
ing groove 114, having received the pair of char- 
coal half rods CFi, passes the suction slots 118, 
IS whereupon the half rods CFi are released from 
suction. 

Further, the outer peripheral surface of the 
control sleeve 88 is formed with four atmosphere 
grooves 120 (see FIG. 8). Each atmosphere groove 
20 120 is situated on the circumference of the same 
circle as its corresponding suction slot 118. and 
extends a point near the suction slot 118 beyond 
the circumscription point between the separation 
drum 56 and the assembly drum 58. in the rotating 
25 direction of the drum 56. The atmosphere grooves 
120 open into the atmosphere at the end face of 
the separation drum 56, and atmospheric pressure 
Is continually supplied to the grooves 120. Thus, 
when the feeding grooves 114 are connected to ttie 
30 atmosphere grooves 120 through the suction holes 
116a. individually, the atmosphere is Introduced 
into the grooves 114. 

Since each atmosphere groove 120 is formed 
covering the lower semicircular region of the sepa- 
35 ration drum 56, the introduction of the atmosphere 
into each transportation groove 114 prevents the 
pair of charcoal half rods CFi from being kept in 
the groove 114 by suction. Accordingly, the lower 
semicircular region of the separation drum 56 is 
40 externally surrounded by a cowl 122. 

In order to ensure the transfer of the charcoal 
half rods CFi between the hopper drum 52 and the 
separation drum 56. a plurality of forked claws 
122a are attached to the distal end portion of the 
45 cowl 122 on the side of the hopper drum 52. As is 
generally known, these claws 122a penetrate the 
hopper drtjm 52 without hindering the rotation of 

the drum 52, 

Two sealing sheets 124 are arranged between 
50 the cowl 122 and the separation drum 56 as shown 
in FIG. 8. More specifically, the sheets 124 are 
situated left and right with respect to the axial 
direction of the separation drum 56 as shown in 
FIG. 9, and are fixed separately to the cowl 122. In 
55 FIG 9 the sealing sheets 124 are hatched by 
broken lines. Each sealing sheet 124 extends close 
to the assembly drum 58 from the side of the 
hopper drum 52, and covers the outer peripheral 
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surface of the separation drum 56 or its grooved 
ring 112. A seal member (not shown) is located 
between the outer side edge of each sealing ring 
124 and each end of the drum shell 96. When the 
feeding grooves 114 passes under the sealing 
sheets 124 as the separation drum 56 rotates, 
therefore, they form tunnel-shaped passages. 

As shown in FIG. 9. suction ports 12B open in 
the base of each feeding groove 114 at the op- 
posite end portions thereof, individually. These 
ports 126 radially penetrate the drum shell 96 and 
open in the inner peripheral surface of the shell 96. 

Further, a stopper ring 128 is attached to each 
end portion of the grooved ring 112. The rings 128 
divide the interior of each feeding groove 114 into 
end regions including the suction ports 126 and a 
central region. The stopper rings 128 are formed 
with a large number of notches which allow the end 
regions and central region of each feeding groove 
114 to communicate with one another at all times, 
instead of using the stopper rings 128, semicircular 
stopper pieces may be arranged in each feeding 
groove 114. Also in this case, however, each stop- 
per pieces must be formed with holes or notches 
by means of which the end regions and central 
regions of the transportation groove 114 commu- 
nicate with one another. 

As shown in FIG. 7, suction slots 130 are 
formed individually in the opposite end portions of 
the outer peripheral surface of the control sleeve 
88 These slots 130 are situated in positions where 
they can be connected individually to the suction 
ports 126. The suction slots 130 are connected to 
the suction chamber 83 at alt times. Moreover, the 
slots 130 extend in the circumferential direction 
from the side of the hopper dmm 52 toward the 
assembly drum 58, with respect to the rotating 
direction of the separation drum 56. The range of 
formation of the suction slots 130 is set within the 
area for the formation of the atmosphere grooves 
120, that is, the area in which the feeding grooves 
114 of the grooved ring 112 are covered by the 
sealing sheets 124. 

Each end portion of the control sleeve 88 is 
further formed is a pair of suction slots 132 which 
are situated close to each corresponding suction 
slot 130. Each suction slot 132 is situated in a 
position where it can be connected to its cor- 
responding suction holes 116b. The suction slots 
132 are also connected to the suction chamber 83 
at all times. Each suction slot 132 extends from a 
point just ahead of the terminal of each cone- 
sponding suction slot 130 to a point just short of 
the circumscription point between the separation 
drum 56 and the assembly drum 58. with respect 
to the rotating direction of the separation drum 56. 
In FIG. 8. the area for the suction slots 132 is 
designated by symbol S. 



tt necessary, moreover, a wedge-shaped sepa- 
ration guide 134 is attached to the inner surface of 
the cowl 122 as shown in FIG. 9. The separation 
guide 134 is situated in a position where the suc- 
5 tion ports 126 start to be supplied with a suction 
pressure, between the left- and right-hand sealing 
sheets 124. A pointed end of the guide 134 is 
directed to the hopper drum 52. 

As the separation drum 56 rotates, the pair of 
,0 charcoal half rods CFi received from the hopper 
drum 52 by the left- and right-hand groove portions 
11 4l and 114^ of each feeding groove 114 of the 
drum 56 are fed toward the assembly drum 58. 
When the separation drum 56 further rotates so 
75 that the pair of charcoal half rods CF,, along with 
the feeding groove 114, enter the area of the 
sealing sheets 124, the suction ports 126 of the 
gnjove 114 are connected individually to the suc- 
tion slots 130 of the control sleeve 88. At this time. 
20 the left- and right-hand groove portions 114l and 
114r of the groove 114 which holds the pair of 
charcoal half rods CF, therein form tunnel-shaped 
passages in conjunction with the pair of sealing 
sheets 124, so that the rods CFi are moved toward 
25 their corresponding suction ports 126 under the 
suction pressure from the ports 126, as shown in 
FIG. 9. Thereupon, these rods CFi move so as to 
abut individually against the stopper rings 128 and 
then stop there. Thus, the charcoal half rods CFi 
30 are separated left and right for a predetermined 
distance from each other. 

When the charcoal half rods CFi , along with 
the feeding groove 114, enter the area of the 
sealing sheets 124, the suction holes 116a of 
36 groove 114 are connected to the atmosphere 
grooves 120 of the control sleeve 88, so that the 
rods CFi are released from suction. Thus, the pair 
of charcoal half rods CF, in the feeding groove 114 
can be easily separated left and right by suction 
40 pressure from the suction ports 126. Even though 
the suction from the suction holes 1163 is not 
applied to the charcoal half rods CFi , they are held 
by the forked claws 122a of the cowl 122 and can 
never slip out of the feeding groove 114. 
45 When the air in the feeding groove 114 is 
sucked, the currents of air are generated in the 
paired leads 114a of the feeding groove 114. The 
air currents help the charcoal half rods CFi move 
in the feeding groove 114. and at the same Hme 
50 guide the charcoal half rods CF,. Therefore, the 
charcoal half rods CFi move without rising in the 
feeding groove 114. 

Additionally, when the pair of charcoal half rods 
CFi pass the separation guide 134. even if the 
55 rods CFi are contacted with the separation guide 
134 the suction pressure is already applied to 
each of the rods CFi. Thus, the contact force 
applied to the charcoal half rods CF, is small, so 
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that they can be prevented from being damaged 
by the guide 134. 

Alternatively, the separation guide 134 may be 
replaced by a ring blade 135 as shown in FIG. 10. 
The separating ring 135 is situated in the center of 
the grooved ring 112 with respect to the axial 
direction of the ring 112. The ring blade 135 has a 
thickness thinner than a gap between the pair of 
charcoal half rods CF^. The gap is obtained by 
cutting the charcoal filter rod CFo. In this case, 
when the pair of charcoal half rods CF, received 
from the hopper drum 52 by the left- and right- 
hand groove portions 11 4^ and IUr, the peripheral 
edge of the ring blade 135 is inserted into the gap 
between the rods CFi . 

Referring to FIG. 10, there is definitely shown 
the groove portion 11 4r of the tunnel-shaped feed- 
ing groove 114. When the charcoal h^ rod CFi in 
the groove porton 114r is sucked under the suc- 
tion pressure from the suction ports 126, the at- 
mospheric pressure is supplied to the pair of suc- 
tion holes 116a of the groove 114, so that the rod 
CFi is released from the holding force. As a large 
quantity of air flows into the feeding groove 114 
from between the left- and right-hand sealing 
sheets 124, moreover, the charcoal half rod CFi ts 
securely moved toward its corresponding stopper 
ring 128, and stops abutting against the ring 128. 

When the separated charcoal half rods CFi, 
along with the feeding groove 114, get out from 
under the sealing sheets 124. thereafter, the suc- 
tion holes 116b of the groove 114 are connected to 
the suction slots 132 of the control sleeve 88. 
Thus, each rod CFi is held in its conresponding 
groove portion by suction in a manner such that it 
abuts against its corresponding stopper ring 128. 
This suctional holding is continued until the feeding 
groove 114 reaches a point just short of the cir- 
cumscription point between the separation drum 56 
and the assembly dmm 58. 

The distance of separation between the pair of 
charcoal half rods CFi to be separated left and 
right on the separation drum 56 is set to be longer 
than the maximum length of filter rods which are 
fed from the hopper 42 to the assembly drum 58 
via the hopper dmm 54. Thus, the separation drum 
56 can be used without regard to the type of filter 
plugs, duel or non-dual, which are fed by means of 
the feeding apparatus 10. 

Inevitably, therefore, the necessary distance of 
separation between the pair of filter rods on the 
separation drum 56 is long. Since these half rods 
are moved in the feeding groove 114 by the suc- 
tion pressure and the air currents produced in the 
paired lead 114a of the feeing goove 114, or the 
tunnel-shaped passage, they can move at high 
speed despite the long distance of separation be- 
tween the half rods. Even though the peripheral 



speed of the separation drum 56 is increased with 
the development of higher-speed versions of fitter 
attachments, therefore, the drum 56 can fulfill the 
aforesaid primary function thereof. Even when the 
5 half rods are sucked strongly on the separation 
drum 56, the sealing sheet 124 can securely pre- 
vent the half rods from jumping out of the feeding 
groove 114. 



JO Assembly Drum 

FIG. 11 shows a profile of the assembly drum 
58. A suction chamber 83 of the assembly drum 
58. like that of the separation drum 56, is formed 
75 covering the whole inner peripheral area of a con- 
trol sleeve 88. 

A drum shell 96 of the assembly drum 58 is 
provided with a grooved ring 134 on the outer 
peripheral surface thereof. A large number of feed- 
20 Ing grooves 1 36 are formed on the outer peripheral 
surface of the ring 134. The grooves 136 are ar- 
ranged at regular intervals in the circumferential 
direction of the grooved ring 134. The pitches 
between the feeding grooves 136 are equal to 
25 those between the feeding grooves 114 of the 
separation drum 56. Each feeding groove 136 is 
divided into a pair of groove portions 136a, which 
are situated individually in the opposite end por- 
tions of the grooved ring 134. and a groove portion 
30 1 36b in the central region of the ring 134. The 
distance between the pair of groove portions 136a 
is equal to the distance between the filter half rods 
CFi which are separated left and right on the 
separation drum 56. 
35 A pair of suction holes 138 are formed in the 
base of each groove portion 136a. The suction 
holes 138 radially penetrate the drum shell 96 and 
open in the inner peripheral surface of the shell 96. 
On the other hand, four suction holes 140 are 
40 formed in the base of the groove portion I36b. The 
suction holes 140 also radially penetrate the drum 
shell 96 and open in the inner peripheral surface of 
the shell 96. Supposing the groove portion 136b is 
divided into two regions in its axial center, two of 
45 the suction holes 140 are distributed to each re- 
gion, as seen from FIG. 11. 

The control sleeve 88 of the assembly drum 58 
is formed with a plurality of suction slots 142, 
which are situated so as to be connectable with 
50 their corresponding suction holes 138. Further, the 
control sleeve 88 is formed with a plurality of 
suction slots 144. which are situated so as to be 
connectable with their corresponding suction holes 
140 Each of suction slot 142 and 144 extends from 
55 the circumscription point between the separation 
drum 56 and the assembly drum 58 to a point just 
short of the circumscription point between the as- 
sembly drum 58 and the first grading dmm 60. in 
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the circumferential direction of the control sleeve 
SB 

Thus, the pair of charcoal half rods CFi fed on 
the separation drum 56 transfer to the assembly 
drum 58. Thereupon, the rods CFi are attracted to 
and received by the pair of groove portions 136a of 
one of the feeding grooves 136 of the assembly 
drum 58. As the assembly drum 58 rotates, there- 
after the pair of charcoal half rods CF^ are fed 
toward the hopper drum 54. In this process of 
feeding, the rods CFi are cut Into equal parts by 
the pair o1 rotary knives 68 (see FIG. 3) of the 
assembly drum 58. Thus, two charcoal plugs CF2 
can be obtained from each charcoal half rod CFi 
on the assembly drum 58. 

On the other hand, a plain filter plugs PFo 
delivered from the hopper 42 by the hopper drum 
54 is divided Into a pair of equal plain half rods PFi 
on the hopper drum 54. and are then fed toward 
the assembly drum 58. The plain half rods PR on 
the hopper drum 54 transfer to the assembly drum 
68. and are attracted to and received by the groove 
portion 136b of the feeding groove 136 of the drum 
58. Thus, the pair of plain half rods PF^ are re- 
ceived on each side of the pairs of charcoal plugs 
CFz by the groove 136 of the assembly drum 58, 
whereupon the aforesaid first rod group is formed. 
As the assembly drum 58 rotates, thereafter, the 
components In the first rod group are fed toward 
the first grading drum 60. 

In the case where the fitter half rods fed on the 
separation drum 56 are not charcoal half rods but 
ones for the formation of non-dual filter plugs, they 
need not be cut on the assembly drum 58 in the 
aforesaid manner. In this case, therefore, the rotary 
knives 68 of the assembly drum 58 are removed or 
separated from the peripheral surface of the drum 
58. 

Even in the case where the filter rods fed from 
the hopper 42 have different lengths, moreover, the 
assembly drum 58 can receive the filter rods in the 
groove portion 136b of each feeding groove 136 
thereof. In this state, the longitudinal center of each 
filter rod is coincident with the axial center of the 
groove portion 136b. 

Rotary Knives 



The following is a description of the arrange- 
ment of the rotary knives 68 and their surround- 
ings. Referring to FIG. 12. there are shown a sup- 
porting structure for the rotary knives 68 and a 
power transmission system for the knives 68. As 
shown in FIG. 12. a bearing sleeve 146 projects 
from the main frame 2 toward the assembly drum 
58. A drive shaft 150 is disposed in the bearing 
sleeve 146. It is rotatably supported in the sleeve 
146 by means of a pair of bearings 148. 



A toothed pulley 152 is mounted on one end of 
the drive shaft 150 which is situated on the side of 
the main frame 2. The pulley 152 is connected to a 
toothed pulley on the side of an electric motor by 
5 means of an endless toothed belt 154. A transmis- 
sion shaft 158 is connected to the other end of the 
drive shaft 150 by means of an Oldham's coupling 
156. The shaft 158 is rotatably supported on an 
end plate 160 of the bearing sleeve 146 by means 
70 of a pair of bearings 162. The end plate 160 closes 
an opening at the distal end of the sleeve 146. 

The upper end of an arm 164 is rockably 
mounted on the distal end portion of the bearing 
sleeve 146. The arm 164 extends downward, and a 
15 knife holder 178 is mounted on its lower end por- 
tion. The holder 178 extends over the assembly 
drum 58 in the axial direction thereof, and has an 
end portion facing the lower end portion of the arm 
164. A knob 181 is attached to the other end 
20 portion of the knife holder 178. 

A knife shaft 166 is located penetrating the 
lower end portion of the arm 164. The shaft 166 
overlies the assembly drum 58 so as to extends 
parallel to the axis thereof. One end portion of the 
25 knife shaft 166 is rotatably supported by the lower 
end portion of the arm 164 with the aid of a pair of 
bearings 168. while the other end of the shaft 166 
is rotatably supported by the other end portion of 
the knife holder 178 with the aid of a bearing 1 80. 
30 A pair of toothed pulleys 170 are mounted 
individually on the respective first ends of the 
transmission shaft 158 and the knife shaft 166. and 
an endless toothed belt 172 is passed around and 
between the pulleys 170. 
35 The knife shaft 166 is fitted with the pair of 
rotary knives 68 with the aid of a distance collar 
174 and holder collars 182a. 182b, 182c and 182d. 
The knives 68 are sandwiched between their cor- 
responding holder collars, and are spaced at a 
40 predetermined distance from each other in the axial 
direction of the assembly drum 58. Thus, each 
rotary knife 68 is situated in a cutting position for 
each charcoal half rod CFi to be cut on the assem- 
bly drum 58. , 
45 When the rotation of the drive shaft 150 is 
transmitted to the knife shaft 166 through the afore- 
mentioned power transmission system, the pair of 
rotary knives 68 are rotated simultaneously, there- 
by cutting the pair of charcoal half rods CFi pass- 
so ing over the assembly drum 58. 

If the rotary knives 68 need not be used, the 
arm 164 is rocked upward around the bearing 
sleeve 146, whereupon the knives 68 are separated 
upward from the assembly drum 58, 
55 If the drive shaft 150 and the transmission shaft 
158 are separated from the Oldham's coupling 156 
in this state, the arm 164 is allowed to be dis- 
engaged from the bearing sleeve 146. and the pair 
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of knives 68 can be removed together with the arm 
164 In this case, the knife section which is situated 
on the right of line R-R in FIG. 12 is removed. 

Referring to FIG. 13, there are shown an elec- 
tric motor 186 for the rotary l«iives 68 and a 
toothed pulley 188 mounted on the output shaft of 
the motor 186. as well as a handle 184 used to 
rock the ann 164. _ 

FIG 13 also shows power transmission sys- 
tems for the rotary knives 65 and 66 of the hopper 
drums 52 and 54. The power transmission system 
for the rotary knife 65 includes toothed pulleys 190 
on and 191. The pulley 190 is mounted on the 
knife shaft of the rotary knife 65 and the pulley 191 
Is mounted on the drive shaft 150. An endless 
toothed belt 192 is passed around and between the 
pulleys 190 and 191. Thus, the rotary knife 65 of 
the hopper drum 52. like the rotary knives 68 of the 
assembly drum 58, is rotated by means of power 
from the electric motor 186. 

On the other hand, the power transmission 
system for the rotary knife 66 of the hopper drum 
54 includes an independent electric motor 194, The 
output of the motor 194 is transmitted to the rotary 
knife 66 in the same manner as in Hie case of the 
rotary knife 65. 

Moreover, the rotary knives 65 and 66 are 
rotatably supported on arms 196 and 198, respec- 
tively, which can rock upward around the axes of 
the toothed pulleys 191. The arms 196 and 198 
can be rocked by means of handles 200 and 202. 

FIG. 14 shows the arms 164, 196 and 198 m a 
state after they are rocked upward. In this state, the 
rotary knives B5, 66 and 68 are separated upward 
from the hopper drums 52 and 54 and the assem- 
bly drum 58. H the arms for the individual rotary 
knives are allowed to rock in this manner, the 
knives can be replaced with ease. 

The arrangement of the surroundings of the 
rotary knives 65. 66 and 68 shown in FIG. 3 is not 
exactly identical with the one shown in FIGS. 13 
and 14 for ease of illustration only. 

First Grading Drum 



The following is a description of the first grad- 
ing drum 60 which adjoins the assembly drum 58. 
FIGS 15 and 16 are longitudinal and cross-sec- 
tional views, respectively, of the drum 60. A drum 
shell 96 of the first grading drum 60 is fitted with a 
grooved ring 204 on the outer peripheral surface 
thereof. In this case, the ring 204 includes six ring 
members which are arranged adjacent to each 
other in the axial direction of the drum shell 96. 
More specifically, the grooved ring 204 includes a 
pair of ring members 206a and 206b in its axial 
center and two pairs of ring members 208a and 
20Bb which are arranged on either side of the 



members 206. 

A large member of groove elements 210a and 
210b are embedded in each of the ring members 
206a and 206b. The groove elements 21 Oa and 

5 210b are arranged at regular intervals in the cir- 
cumferential direction of the ring member 206. 
Each groove element 210 includes a groove 213 
which is defined by two groove walls on the front 
and rear sides with respect to the rotating direction 

,0 of the first grading drum 60. As seen from FIG. 16 
the front groove wall of each groove 213 is cut off 
so that only the other groove wall is left as a 
stopper wall 211. The stopper wall 211 projects 
from the outer peripheral surface of the ring mem- 

« ber206. 

The pitches between the groove elements 2io 
of each ring member 206 are twice as long as 
those between the feeding grooves 136 of the 
assembly drum 58, The groove elements 21 Oa and 
20 210b are arranged with a rotational phase differ- 
ence equivalent to a half pitch in the circumferen- 
tial direction of the first grading drum 60. 

A pair of suction holes 212 are fonned in the 
base of the groove 213 of each groove element 
2S 210. These suction holes 212 radially penetrate 
each ring member 206 and the drum shell 96 and 
open in the inner peripheral surface of the shell 96. 

Each ring member 208 is also provided with 
groove elements 2l4a and 214b which, like the 
30 aforesaid groove elements 210. are an-anged at 
regular intervals in the circumfarenlial direction of 
the member 208. Each pair of adjacent groove 
elements 214a and 214b are also arranged with a 
rotational phase difference equivalent to a half pitch 
35 in the circumferential direction of each ring mem- 
ber 208. With respect to the groove elements 210 
and 214 of the ring members 206 and 208, there- 
fore, two groove elements 214a are sihiated co- 
axially with each of the groove elements 21 Oa. and 
40 two groove elements 214b are situated coaxially 
with each of the groove elements 2l0b. as seen 
from FIG. 17. 

One suction hole 216 is formed in the base of 
a groove 213 of each groove element 214. These 
45 suction holes 216 also radially penetrate each nng 
member 208 and the drum shell 96 and open in 
the inner peripheral surface of the shell 96. 

As shown In FIG. 15, the outer peripheral sur- 
face of a control sleeve 88 is formed with a plural- 
50 ity of suction slots 21 8. which are situated so as to 
be connectable with their corresponding suction 
holes 212 and 216. As seen from FIG. 16. each 
suction slot 218 extends in the circumferential di- 
rection of the control sleeve 88, from the circum- 
55 scription point between the assembly drum 58 and 
the first grading drum 60 to a point just short of the 
circumscription point between the drum 60 and the 
Sirst aligning drum 62, with respect to the rotating 
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direction of the drum 60. 

Further, the outer peripheral surface of the 
control sleeve 88 is lormed with an atmosphere 
groove 220. The groove 220 extends for a pre- 
determined distance from the circumscription point 
between the first grading drum 60 and the first 
aligning drum 62 in the circumferential direction of 
the control sleeve 88, The groove 220 extends up 
to the end face of the sleeve 88 and opens into the 
atmosphere at this end face. 

As shown in FIG. 16, moreover, the underside 
of the outer peripheral surface of the first grading 
drum 60 is covered by a cowl 222, which extends 
from the assembly drum 58 to the first aligning 
drum 62. The distal end portion of the cowl 222, 
which is situated on the assembly drum side, is 
provided with a plurality of forked claws 224. Two 
of the claws 224 are provided for each of the ring 
members 206 and 208. In FIG. 17, the claws 224 
are crosshatched. 

Each forked claw 224 penetrates the assembly 
drum 58 without hindering the rotation of the drum 
58. and its distal end is situated corresponding to 
the circumscription point between the drum 58 and 
the first grading drum 60. The distal end ol each 
forlced claw 224 is formed with a guide face 226 
which faces the outer peripheral surface of the first 
grading dnjm 60. The guide face 226 and the outer 
peripheral surface of the first grading drum 60 
define a holding space, which is gradually nar- 
rowed forward in the rotating direction of the drum 
60. 

Since the above-described individual drums 
are theoretically the same peripheral speed, the 
filter rods half rods or plugs can transfer between 
each two adjacent drums. However, the periphery 
speed of the first grading drum 60 is increased to a 
predetermined multiple of that of the assembly 
drum 58. More specifically, the peripheral speed 
ratio between the drums 58 and 60 is adjusted to a 
value equal to the number of the components in 
the first rod group to be separated in the feeding 
direction. To be concrete, in this case, the first 
grading drum 60 is rotated at a peripheral speed 
twice that of the assembly drum 58, To be exact, 
the peripheral speed of a drum is defined by that 
of the pitch circle of the drum, the pitch circie 
passing the center of each component held in each 
feeding groove of the drum. 

According to the first grading drum 60 de- 
scribed above, the components (pair of plain half 
rods PF; in the center and pairs of charcoal plugs 
CF2 on either side thereof) in the first rod group 
fed on the assembly drum 58 transfer to the first 
grading drum 60 at the circumscription point Pi - 
(see RG. 18) between the drums 58 and 60, In 
doing this, each two adjacent components in the 
first rod group are separated from each other in the 



feeding direction. 

Among the components in the first rod group, 
each pair of adjacent charcoal plugs CF2. having 
reached the circumscription point Pi, as shown in 
5 FIG. 18. are sandwiched between the outer periph- 
eral surface of the first grading drum 60 or those of 
the ring members 208 and the respective guide 
faces 226 of the forked claws 224. Since the first 
grading drum 60 rotates at a peripheral speed 
70 twice that of the assembly drum 58. the pair of 
charcoal plugs CF2 at the circumscription point Pi 
roll on the outer peripheral surfaces of the ring 
members 208, as indicated by the arrow in FIG. 18, 
in a manner such that they are held in the holding 
15 space between the guide faces 226 and the first 
grading drum 60, 

When the groove elements 2Ua and 214b of 
the ring members 208 reach the circumscription 
point Pi one after another, urged by the peripheral 
20 speed difference between the assembly drum 58 
and the first grading drum 60, in this state, the pair 
of charcoal plugs CF2 are caught by the respective 
stopper walls 211 of their corresponding groove 
elements 214, whereupon they fall into the respec- 
25 tive grooves of the groove elements 214. Thus, the 
charcoal plugs CF2 are successively received by 
the groove elements 214a and 214b. 

in order to help the charcoal plugs CF2 or 
components on the ring members 208 roll smooth- 
30 ly and securely, the outer peripheral surface of 
each ring member is formed with a coating layer 
228 with a high coefficient of friction or finely 
knuried, as shown in FIG. 1 8. 

Since the groove elements 214. having re- 
35 ceived the charcoal plugs CF2, are already con- 
nected to the suction slots 218 of the control 
sleeve 88 by means of the suction holes 216, 
thereafter, the plugs Of 2 in the respective grooves 
213 of groove elements 214 are retained by suc- 
40 tion. 

Thus, the charcoal plugs CF2 received by the 
groove elements 214 are caught in the grooves 213 
of the elements 214, As the first grading drum 60 
rotates, therefore, the charcoal plugs CF2 are dis- 

45 engaged from the guide faces 226 of the forked 
claws 224. and are fed together with the groove 
elements 214 toward the first aligning drum 62. 

The groove elements 214a and 214b of the 
ring members 208a and 208b are arranged with a 

50 rotational phase difference equivalent to a half pitch 
in the circumferential direction of each ring mem- 
ber 208. When the pair of charcoal plugs CF2. 
having so far been situated coaxially with each 
other on the assembly drum 58, transfer to the first 

55 grading drum 60, therefore, they are separated in 
the feeding direction, as shown in FIG. 17. 

When the remaining pair of charcoal plugs CF2 
and the pair of plain half rods PFi in the first rod 



29 



EP 0 679 343 A2 



30 



group transfer from the assembly drum 58 to the 
first grading drum 60. they are also separated in 
the feeding direction in the same manner as afore- 
said. 

As a result, the components in the first rod 
group transfer from the assembly drum 58 to the 
first grading drum 60. therefore, the first rod group 
Is divided into two second rod groups. The compo- 
nents In each second rod group include one plain 
half rod PFi and a pair of charcoal plugs CF2 
arranged individually on the opposite sides of the 
rod PFi. These components are situated coaxially 
with one another. 

The respective guide faces 226 of the forked 
claws 224, which serve to ensure the transfer of the 
components In the first rod group from the assem- 
bly drum 58 to the first grading drum 60, are not 
essential 

According to the first grading drum 60 de- 
scribed above, the components in the first rod 
group or the charcoal plugs and the plain half rods 
roil on the drum 60 as they transfer from the 
assembly drum 58 to the drum 60. Accordingly, the 
components cannot be subjected to any excessive 
force, and therefore, cannot be dented. Thus, the 
quality of the charcoal plugs and plain half rods is 
stabilized. 

If the components are obtained form neo-fiiter 
type rod members which are formed of pulp fibers, 
for example, they are so poor in elasticity that their 
strength of stability against deformation Is not high 
enough. Accordingly, the neo-filter rod members 
collapse very easily as they transfer trom the as- 
sembly drum 58 to the first grading drum 60. If the 
neo-filter rod members roll on the drum 60 during 
this transfer, as mentioned before, however, they 
can maintain their normal appearance without being 
dented, despite the Increase of the peripheral 
speeds of the drums 58 and 60. Thus, the first 
grading drum 60 is suited for use In higher-speed 
versions of filter attachments. 

In some cases, the delivery of the components 
between the drums may become so unstable that 
some of the components fly away from the drums 
when squeezed components transfer successively 
from the first grading drum 60 to the subsequent 
drums as they are led. Moreover, the paper piece 
winding operation in the wrapping section 6 may 
become unstable. With use of the first grading 
drum 60 according to the present invention, how- 
ever, such an awkward situation cannot be brought 
about. 

Referring to FIG. 19. there is shown a modifica- 
tion of the first grading drum 60 used in the case 
where the feeding apparatus 10 is applied to non- 
dual filter plugs. In this case, the components m 
the first rod group fed on the assembly drum 58 
include four filter rod members of the same type, 



that is. plain plugs DPi and DP'i . Accordingly, the 
first grading drum 60 is provided with a pair of ring 
members 206a and 206b and another pair of ring 
members 230a and 230b arranged on either side of 
5 the members 206. The ring members 230a and 
230b, which are similar to the ring members 206, 
are each provided with groove elements 210a and 
210b on the outer peripheral surface thereof. 

When the outside pair of filter rod members or 
w plain plugs DP'i in the first rod group transfer from 
the assembly drum 58 to the first grading drum 60 
and are received by the groove elements 210a and 
210b of the ring members 230, they are separated 
in the feeding direction, as seen from FIG. 19. 
t5 The objects of application of the first grading 
drum 60 can be changed from dual filter plugs to 
non-dual filter plugs by only replacing the drum 
shell 96 of the drum 60 together with the individual 
ring memt)ers. 

20 

First Aligning Drum 

Referring to FIG. 20. there is shown a profile of 
the first aligning drum 62. The first aligning drum 
25 62 has a plurality of suction chambers 87 which 
correspond to the suction chambers 83 of the 
aforementioned drums. These chambers 87 are 
divided in the circumferential direction of a fixed 
sleeve 74. 

30 A grooved ring 232 of the first aligning drum 62 
also includes a plurality of ring members, that is, a 
central ring member 234 and a pair of ring mem- 
bers 236 arranged Individually on the opposite 
sides of the member 234. 
35 Further, inside blow rings 238a and 238b are 
interposed separately between the ring members 
236 and 234, and outside blow rings 240a and 
240b are arranged individually on the outside of the 
members 236. 

40 As seen from FIG. 21, the outer peripheral 
surface of the central ring member 234 is provided 
with a large number of feeding grooves 242. which 
are situated at regular intervals in the circumferen- 
tial direction of the member 234. The pitches be- 
45 tween the grooves 242 are half those between the 
groove elements of the first grading drum 60. The 
outer peripheral surface of each ring member 236 
is also provided with a large number of feeding 
grooves 244. which are situated at regular intervals 
50 in the circumferential direction of the member 236. 
These grooves 244 are arranged coaxially with the 
feeding grooves 242 of the ring member 234. 

Four suction holes 246 and two suction holes 
248 are formed in the base of each feeding groove 
55 242 of the ring member 234. More specifically, 
supposing each feeding groove 242 Is divided in 
two. left- and right-hand regions with respect to its 
axial direction, the suction holes 246 are arranged 



31 



EP 0 679 343 A2 



32 



individually at the opposite ends of each region, 
while *e suction holes 248 are distributed individ- 
ually to the two regions, and are located adjacent 
to their corresponding inside suction holes 246. 
The suction holes 246 and 248 radially penetrate 
the ring member 234 and a drum shell 96 and 
open in the inner peripheral surface of the shell 96. 

A stopper pin 250 is disposed in each feeding 
groove 242. These stopper pins 250 are alternately 
situated In the aforesaid left- and right-hand regions 
of each two adjacent feeding grooves 242, and 
extend for a predetermined length from their cor- 
responding blow rings 238. The stopper pins 250 
may be replaced with semicircular stopper pieces. 
In this case, the stopper pieces are situated in 
positions corresponding to the respective distal end 
portions of the pins 250. 

Since each stopper pin 250 closes one of the 
suction holes 246 of each feeding groove 242, the 
closed suction hole 246 may be omitted. 

One suction hole 251 and two suction holes 
252 are formed in the base of each feeding groove 
244 of the pair of ring members 236. The suction 
hole 251 is located at the outer end portion of the 
feeding groove 244, and the suction holes 252 at 
the inner end portion. The suction holes 251 and 
252 also radially penetrate each ring member 236 
and the drum shell 96 and open in the inner 
peripheral surface of the shell 96. 

On the other hand, a control sleeve 88 is 
formed with a plurality of suction slots 254, which 
are situated so as to be connectable with their 
con-esponding suction holes 246 of the ring mem- 
ber 234 as shown in FIG. 20. Further, the control 
sleeve 88 is formed with a plurality of suction slots 
256 and a plurality of suction dots 258. Each slot 
256 is situated so as to be connectable with the 
suction hole 251 of its corresponding ring member 
236, while each slot 258 is situated so as to be 
connectable with the suction holes 252 of its cor- 
responding ring member 236. 

As seen from FIG. 22, each of the suction slots 
254 and 256 extends in the circumferential direc- 
tion of the control sleeve 88 for a predetermined 
distance from the circumscription point between 
the first grading drum 60 and the first aligning 
drum 62. with respect to ttie rotating direction of 
the drum 62. On the other hand, each suction slot 
258 extends from the aforesaid circumscription 
point to a point just short of the circumscription 
point between the first aligning dnjm 62 and the 
second grading drum 64. The slot 258 is not shown 

in FIG. 22. ^ , 

As shown in FIG. 22, the outer peripheral sur- 
face of the control sleeve 88 is formed with at- 
mosphere grooves 260 and 262, which are situated 
on the circumferential line of the same circle as the 
suction slots 256 and 258. The grooves 260 and 



252 extend in the circumferenti^ direction of the 
control sleeve 88 for a predetermined distance 
from points just ahead of the suction slots 254 and 
256, with respect to the rotating direction of the 
5 first aligning drum 62. 

Further, the outer peripheral surface of the 
control sleeve 88 is formed with a plurality of 
suction slots 264, which are situated so as to be 
connectable with the suction holes 248 of the ring 
,0 member 234. The slots 264 are located in a region 
on the side of the second grading drum 64 with 
respect to the respective terminals of the atmo- 
sphere grooves 260 and 262. 

Furthermore, the outer peripheral surface of the 
j5 control sleeve 88 is formed with another atmo- 
sphere groove 268. The groove 268 extends in the 
circumferential direction of the control sleeve 88 for 
a predetermined distance from the circumscription 
point between the drum 62 and the second grading 
20 drum 64, with respect to the rotating direction of 
the first aligning drum 62. The atmosphere groove 
268 is situated so as to be connectable with each 
of the suction holes 246 of the ring member 234 
and the suction holes 252 of each ring member 

25 236. , ^ , 

As shown in FIG. 21, the outer peripheral sur- 
face of each of the blow rings 238 and 240 is 
formed with a plurality of blow ports 270, which are 
arranged at regular intervals in the circumferential 
30 direction of the blow rings. More specifically, blow 
ports 270a of the blow rings 23Ba and 240a are 
situated corresponding to the feeding grooves 242 
whose stopper pins 250 are located at a long 
distance from the ring 238a and the feeding 
35 grooves 244 which are coaxial with those grooves 
242, respectively. 

The blow ports 270a of the blow rings 23te 
and 240a communicate with jet ports 272 of their 
corresponding blow rings. The jet ports 272 open 
40 into their corresponding feeding grooves 242 and 
244 at the respective side faces of the blow rings. 
Likewise, blow ports 270b of the blow rings 238b 
and 240b communicate with jet ports 272 of their 
corresponding blow rings. 
45 The outer peripheral surface of each of the 
blow rings 238 and 240 is parti^ty covered airtight 
by a blow cover 273. As seen from FIG. 22, the 
blow covers 273 extend through a region conre- 
sponding to the atmosphere grooves 260 and 262 
50 of the control sleeve 88, and are fixed to a support 
(not shown) outside the first aligning drum 62. In 
FIG. 21, the covers 273 are crosshatched. 

Although not shown in detail, each blow cover 
273 is connected to a pneumatic pressure source 
55 by means of a supply hose, whereby it is supplied 
with a predetermined blow pressure at all times. 

The first aligning drum 62 is rotated at the 
same peripheral speed as the first grading drum 
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60 While these drums 60 and 62 are rotating, 
therefore, each feedmg groove 242 of the first 
aligning drum 62 is met in succession with the 
feeding grooves 2l0a or 2lOb of the first grading 
drum 60, and each feeding groove 244 of the drum 
62 with the feeding grooves 214a or 214b of the 
drum 60 at the circumscription point between the 
drums 60 and 62. 

The feeding grooves 242 and 244 of the first 
aligning drum 62, thus met with the feeding 
grooves of the first grading drum 60, are connected 
to the suction slots 254, 256 and 258 of the control 
sleeve 88 by means of the suction holes 246, 251 
and 252. Accordingly, the grooves 242 and 244 
can suck and receive the components in the sec- 
ond rod group, that is. a pair of charcoal plugs CF2 
and one plain half rod PF,, on the first grading 
drum 60 by suction. 

In each two adjacent feeding grooves 242 of 
the first aligning drum 62. as seen from FIG. 21, 
the plain halt rods PF, are alternately situated in 
the left- and right-hand regions of the grooves 242. 
On the other hand, the pairs of charcoal plugs CF2 
are alternately situated in the left- and right-hand 
regions of each two adjacent grooves 244. This 
may be also seen from the arrangement of the 
components in the second rod group on the first 
grading drum 60 shown in FIG. 17. 

When the rotation of the first aligning drum 62 
is advanced so that the components in the second 
rod group on the. drum 62, along with the feeding 
groove which holds the components, start to pass 
the blow covers 273, the suction holes 246 of each 
feeding groove 242 and the suction hole 251 of 
each feeding groove 244 are connected to the 
atmosphere grooves 260 and 262. individually. In 
the feeding grooves 242, therefore, the plain half 
rods PFi are released from suction. In the feeding 
grooves 244, on the other hand, only those char- 
coal plugs CF2 which are situated in the outside 
portions of the groove 244, as in FIG. 21, are 
released from suction. The suction of each of those 
charcoal plugs CF? which are situated in the inside 
portions of the feeding grooves 244 is continued 
until the pair of suction holes 252 of each groove 
244 concerned are connected to the atmosphere 
groove 268. 

When the components in the second rod 
group, along with the feeding grooves 242 and 244, 
enter the region corresponding to the blow covers 
273, the blow ports 270 of the blow rings 238 and 
24o' which correspond to the grooves 242 and 244 
get into the area of the covers 273. Accordingly, a 
predetermined blow pressure is supplied from the 
blow covers 273 to the blow ports 270, and com- 
pressed air is jetted to the feeding grooves in the 
axial direction thereof from the jet ports 272 which 
are connected to the ports 270. 



Thereupon, the plain half rod PF, in each feed- 
ing groove 242 is moved therein to run against the 
stopper pin 250 under the blow pressure from the 
compressed air. as seen from na. 23. On the 
5 other hand, the charcoal plugs CF2 in the feeding 
grooves 244 are also moved therein toward their 
corresponding blow rings 238a and 238b under the 
blow pressure from the compressed air. A pair of 
stoppers 274 for the charcoal plugs CF2 are at- 
,0 tached individually to the respective side faces of 
the blow rings 238a and 238b, whereby the plugs 
CFz are drawn up on same feeding lines with those 
charcoal plugs CF2 which adjoin them in the cir- 
cumferential direction of the first aligning dmm 62. 
j5 As tor the plain half rods PF, . they are re- 
strained in movement by their corresponding stop- 
per pins 250, so that those plain half rods PFi 
which adjoin them in the circumferential direction of 
the first aligning drum 62 are also drawn up on a 
20 same feeding lines. 

When the plain half rods PF, and charcoal 
plugs CF2. along with the feeding grooves 242 and 
244, pass the blow covers 273, thereafter, the 
grooves 242 are connected in succession to the 
25 suction slots 264 of the control sleeve 88 by means 
of the suction holes 248, and the two suction holes 
246 in the center of each groove 242 are also 
connected again to the suction slots 254. Accord- 
ingly the plain half rods PFi are fed toward the 
30 second grading drum 64 in a manner such that 
they are held individually in the respective central 
positions of the feeding grooves 242 by suction. 

Meanwhile, the charcoal plugs CFj moved in 
the feeding grooves 244. We the other charcoal 
35 plugs CF2. are fed toward the second grading 
drum 64 in a manner such that they are held in 
position by a suction pressure from the suction 
holes 252. This suctional holding of each plain half 
rod PFi and each pair of charcoal plugs GF2 is 
40 continued until the suction holes 248 and 252 and 
the central suction hole 246 of the feeding grooves 
242 and 244 concerned are connected to the at- 
mosphere groove 268 of the control sleeve 88. 
When the plain half rod PF, and the charcoal 
45 plugs CF2 drawn up on the first aligning drum 62 
pass the three rotary knives 70, individually, they 
are each cut into equal parfs by the knives 70. 
Thereupon, two plain plugs PF2 are formed from 
the plain half rod PF,, and two charcoal tips CF3 
50 are fornied from each charcoal plug CF2. on the 
first aligning drum 62. The plugs PF2 and the tips 
CF3 are elements in the aforesaid first plug group. 
As shown in FIG. 21, each of the ring members 
234 and 236 is formed with a circumferential 
55 groove 276, and the respective edges of the rotary 
knives 70 penetrate their conresponding circum- 
ferential grooves 276. 
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If necessary, the outer peripheral surface of the 
first aligning drura 62 may be formed with a plural- 
ity of orientation guides 27B. such as the ones 
hatched by broken lines in FIG. 21. With use of 
these orientation guides 278. the plain half rod PFi 
and the charcoal plugs CF2 in each feeding groove 
can be compulsorily moved and drawn up even 
though the blow pressure is not high enough. 

Preferably, the orientation guides 278 should 
have a shape such that they can touch the rods or 
plugs in the feeding grooves 242 and 244 after the 
rods or plugs are subjected to the blow pressure. 
In FIGS. 22 and 23. moreover^ reference numeral 
280 denotes a cowl for the first aligning drum 52. 
The cowl 280 is formed with an opening 280a (FIG- 
23) through which the compressed air is allowed to 
escape. 

In the case where the fitter plug feeding ap- 
paratus 10 is used for the supply of non-dual filter 
plugs, the grooved ring 232 of the first aligning 
drum 62 shown in FIG. 22 Is replaced with a 
grooved ring 232' shown in FIG. 24. In this case, 
the drum shell 96 is also replaced with one which 
suits the grooved ring 232', 

As shown in FIG. 24, the grooved ring 232" 
comprises left- and right-hand ring members 282 
which resemble the aforesaid ring member 234. A 
pair of blow rings 284 are arranged on either side 
of the pair of ring members 282. In this case, a 
stopper ring 286 is used in place of the stopper 
pins 250. The stopper ring 286 is arranged at the 
center in the axial direction of the grooved ring 
232'. and is fixed to the grooved ring 232*. In FIG. 
24, the suction holes of the feeding grooves 242 
are omitted. 

Since the first aligning drum 62 requires none 
of the rotary knives 70 in this case, the knives 70 
are disengaged from the drum 62, as shown in 
FIG. 25, More specifically, the rotary knives 70 are 
supported in the same manner as the aforemen- 
tioned rotary knives 68. an entire knife unit 290 is 
rockable around a bearing sleeve 288. The knife 
unit 290 can be rocked by means of a handle 292. 
In this case, the cowl 280 of the first aligning drum 
62 is replaced with a new one. 

Second Grading Drum 

Since the secorvd grading drum 64 has sub- 
stantially the same construction as the first grading 
drum 60, illustration of the drum 64 is omitted. 
When the elements in the first plug group fed on 
the first aligning drum 62 transfer to the second 
grading drum 64, a pair of plain plugs PF2 are 
separated in the feeding direction, and pairs of 
charcoal tips CF3 are also separated in the feeding 
direction (see FIG. 4). Thus formed on the second 
grading drum 64 is the aforementioned second 



plug group, which includes one plain plug PF2 and 
a pair of charcoal tips CF3 on either side thereof. 

Second Aligning Drum 

Referring to FIG. 26, there is shown a profile of 
the second aligning drum 66. A grooved ring 294 
of the drum 66 is provided with a plurality of 
feeding grooves 296, which are arranged at regular 
TO intervals in the circumferential direction of the ring 
294. The pitches between the feeding grooves 296 
are half those between groove elements of the 
second grading drum 64. 

Thus, when the elements in the second plug 
75 group fed on the second grading drum 64 transfer 
to the second aligning drum 66. these elements, 
that is. one plain plug PF2 and two charcoal tips 
CFs, are received by each feeding groove 296 of 
the drum 66. Each feeding groove 296 has a depth 
20 slightly larger than that the diameter of the tips CF3 
and plug PF2. 

A plurality of suction holes 298 are formed in 
the base of each feeding groove 296. These holes 
298 radially penetrate the grooved ring 294 and a 
25 drum shell 96 and open in the inner peripheral 
surface of the shell 96. In each feeding groove 296, 
the suction holes 298 are located individually in 
positions where the plain plug PFz and the char- 
coal tips CF3 are to be received. 
30 As in FIG. 26. a pair of suction ports 300 are 
formed in the base of the left-hand end portion of 
each feeding groove 296. These ports 300 also 
radially penetrate the grooved ring 294 and the 
drum shell 96 and open in the inner peripheral 
35 surface of the shell 96. 

The grooved ring 294 is fitted with a stopper 
ring 302, which divides the Interior of the feeding 
groove 296 between a region for the formation of 
the pair of suction ports 300 and a region for the 
40 formation of the suction holes 298. The stopper 
ring 302 Is formed with notches corresponding to 
the individual feeding grooves 296, and these 
notches allow the left- and right-hand regions of the 
grooves 296 to communicate with one another. 
45 Instead of using the stopper ring 302, a stopper 
may be located in each feeding groove 296. 

Further, four suction holes 304 are formed in 
the base of each feeding groove 296, and are 
situated on the right of the stopper ring 302, as in 
50 FIG. 26. More specifically, two pairs of suction 
holes 304 are arranged individually on the opposite 
sides of the left-end suction hole 298 in the feeding 
groove 296. The suction holes 304 also radially 
penetrate the grooved ring 294 and the drum shell 
55 96 and open in the Inner peripheral surface of the 
shell 96. 

On the other hand, the outer peripheral surface 
of a control sleeve 88 of the second aligning drum 
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66 is formed with a plurality of suction slots 306, 
which are situated so as to be connectable with 
their corresponding Suction holes 298. As seen 
from FIG. 27, each of the suction slots 306 extends 
in the circumferential direction of the control sleeve 
88 for a predetermined distance from the circum- 
scription point between the second grading drum 
64 and the second aligning drum 66. with respect 
to the rotating direction of the drum 66. 

The outer peripheral surface of the control 
sleeve 88 is formed with an atmosphere groove 
308. which extends beyond the circumscription 
point between the second aligning drum 66 and the 
grooved drum 5c in the drum train 4 from a point 
just ahead of the terminal of each suction hole 306, 
in the circumferential direction of the sleeve 88, 

Further, the outer peripheral surface of the 
control sleeve 88 is formed with four suction slots 
310, which are situated so as to be connectaWe 
with' the suction holes 304, These slots 310 are 
arranged in the vicinity of the circumscription point 
between the second aligning drum 66 and the 
grooved drum 5c. and terminates at a point just 
short of this circumscription point. 

Furthermore, the outer peripheral surface of the 
control sleeve 88 is formed with a pair of suction 
slots 312. which are situated so as to be connec- 
table with the suction ports 300. Each of these 
slots 312 extends along the atmosphere groove 
308 to the starting end of each suction slot 310, in 
the circumferential direction of the sleeve 88. 

The outer peripheral surface of the second 
aligning drum 66 is partially covered by a sealing 
sheet 314, which resembles the sealing sheets 124 
for the separation drum 56 and contacts slidingly 
with the outer peripheral surface of the second 
aligning drum 66. As shown in FIG. 27, the sealing 
sheet 314 extends along the outer peripheral sur- 
face of the drum 66 so as to overlap the at- 
mosphere groove 308. Thus, when each feeding 
groove 296 of the second aligning drum 66 passes 
right under the sealing sheet 314. the groove 295 
and the sheet 314 form a tunnel-shaped passage. 

Each feeding groove 296 of the second align- 
ing drum 66 has a pair o1 leads 296a formed 
individually in the opposite side walls thereof. The 
leads 296a extend in the axial direction of the 
groove 296. As seen from FIG. 27, the leads 296a 
can be secured satisfactorily even when a plain 
plug PF2 and charcoal tips CF3 are received in the 
groove 296. 

When the elements in the second plug group, 
that is, one plain plug PF2 and two charcoal tips 
CF3, fed on the second grading drum 64 reach the 
circumscription point between the second grading 
drum 64 and the second aligning drum 66. they 
transfer to the second aligning drum 66. and are 
received by each feeding groove 296 of the drum 



66. At this time, the groove 296 is connected to the 
suction slots 306 by means of the suction holes 
298. 

The elements in the second plug group, trans- 
5 ferring successively from the second grading drum 
64 to the second aligning drum 66. are received in 
different positions in the individual feeding grooves 
296 which adjoin one another in the circumferential 
direction of the drum 66, as seen from FIG. 28. 
TO This is ensured by the function of the second 
grading drum 64. 

When the rotation of the second aligning drum 
66 Is advanced so that the feeding groove 296 
which holds the elements in the second plug group 
15 reaches the area of the atmosphere groove 308, 
the groove 296 is connected to the groove 308 by 
means of the suction holes 298. At this time, the 
plain plug PF2 and the charcoal tips CF3 in the 
feeding groove 296 are released from suction, 
20 Thereupon, the pair of suction ports 300 of the 
feeding groove 296 are connected to the suction 
slots 312, individually, and the groove 296 enters 
the area of the sealing sheet 314. Accordingly, the 
suction ports 300 suck out air from the tunnel- 
25 Shaped feeding groove 296, so that air currents 
directed to the ports 300 are produced in the leads 
296a of the groove 296. 

As shown in FIG. 28, therefore, the ptain plug 
PF2 and the charcoal tips CF3 held in the feeding 
30 groove 296 are moved in the groove 296 toward 
the stopper ring 302 by the air currents in the leads 
296a. and are drawn out abutting against one an- 
other on the right of the ring 302. Thus, the afore- 
mentioned dual filter plug is formed on the second 
35 aligning drum 66. 

When the rotation of the second aligning drum 
66 is further advanced, the feeding groove 296 
which holds the dual filter plug Is connected to the 
suction holes 310 of the control sleeve 88 by 
40 means of the suction holes 304. and the dual filter 
plug is fed toward the grooved drum 5c of the 
drum train 4 in a manner such that it is sucked in 
position in the groove 296. Thereafter, the dual 
filter plug on the second aligning drum 66 transfers 
45 to the grooved drum 5c, and is transported on the 
drum train 4 toward the wrapping section 6. 

According to the second aligning drum 66 de- 
scribed above, the air currents are produced in the 
leads 296a of each feeding groove 296. Even 
so though the elements in the second plug group 
received in the groove 296 includes one plain plug 
PF2 and two charcoal tips CF3, therefore, they can 
move securely and steadily in the groove 296. 
borne by the air currents in the leads 296a, and be 
55 drawn out on the right of the stopper ring 302. 

The charcoal tips CF3. as the elements of the 
dual filter plug, are so short that they are liable to 
rise as they move in the feeding groove 296. On 
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the second aligning drum 66, however, the char^ 
coal tips CFa are nnoved by the air currents on the 
opposite sides of the groove 296. so that they will 
never rise in the groove 296 during the movement. 
Thus, the plain plug PF2 and the charcoal tips CFa 5 
can be steadily drawn up in the feeding groove 
296, so that the dual filter plug can be formed 
securely. 

If the formation of the dual filter plug m the 
feeding groove 296 is imperfect, the dual filter plug 10 
may fall securely to transfer from the second align- 
ing drum 66 to the grooved drum 5c In the drum 
train 4. possibly slipping out of the groove 296 or 
jamming therein. In some cases, therefore, the 
operation of the filter attachment may be inter- 15 
rupted. According to the second aligning drum 66 
described above, however, such an awkward situ- 
ation cannot be brought about. 

In the case where the filter plug feeding ap- 
paratus 10 is used for the supply of non-dual filter 20 
plugs, the second aligning drum 66 is replaced 
with another grooved ring 294\ as shown in FIG. 
29. In this case, the arrangement of suction holes 
238 of each feeding groove 296 in the grooved 
drum 294" is changed depending on the positions 25 
where the plain filter plugs DPi and DFi are 
received. 
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1. A grading device used in manufacture of filter 

plugs for cigarettes including a first drum(58) 
rotating in one direction at a first peripheral 
speed, said first drum(58) having feeding 
grooves(136) arranged on its outer peripheral 35 
surface in the circumferential direction with a 
first pitch, each of the feeding groove{136) 
feeding a plurality of filter plug elements- 
{CF2,PF^) as said first drum(58) rotates, a sec- 
ond drum(60) arranged adjacent to said first 40 
drum(58) and rotating in an opposite direction 
form that of said first drum(58), said second 
drum{60) rotating at a second peripheral speed 
which is higher by a multiple equal to the 
number of elements(CF2,PFi) received in the 45 
feeding groove(l36) as compared with the first 
peripheral speed of said first drum(58). and 
grading means for successively transferring 
elements(CF2.PFi) received in the feeding 
groove(136) from said first drum(58) to said so 
second drum{60), 

characterized in that said grading means 

comprises: 

a plurality of groove array arranged on the 
outer peripheral surface of said second drum- 56 
(60) in the axial direction of thereof so as to 
correspond to individual element(CF2 .PFi ) m 
the feeding groove(136). each of the groove 



arrays having grading grooves(2l3) which are 
arranged in the circumferential direction of said 
second drum{60) with a second pitch and 
which are capable of receiving at least one 
element(CF2.PFi), the second pitch being 
equal to a distance equivalent to the multiple 
of the first pith, and grading grooves(213) of 
adjacent groove arrays being shifted from each 
other by a distance corresponding to the first 
pitch, and 

rolling means(224) for rolling at least one 
element, of which a transfer from said first 
drum(58) to said second drum(60) should be 
delayed, among the elements(CF2,PFi ) re- 
ceived in the feeding groove(l36). on the outer 
peripheral surface of said second drum(60), 
when the feeding groove(136) receiving the 
elements(CF2,PFi) pass by said second drum- 
(60) as said first and second drums(56,60) 
rotate. 

2. The device according to claim 1 , characterized 
in that said rolling means includes a guide(224) 
for holding said el©ment(CF2,PFi) in the feed- 
ing groove(136) in cooperation with the outer 
peripheral surface of said second drum{60) so 
that said element(CF2.PFi) is rotated. 

3, The device according to claim 2, characterized 
in that the guide(224) has a guide surface(226) 
which extends inward said first drum(58) with- 
out hindering rotation of said first drum, and 
which is opposed to the outer peripheral sur- 
face of said second drum(60), the guide 
surface{226) forming a holding space tapered 
toward the rotating direction of said second 
drum(60) in association with the outer periph- 
eral surface of the second drum(60), said 
element{CF2,PFi) being rotated in the holding 
space while rolling on the outer peripheral sur- 
face of said second drum(60). 

4. The device according to claim 3. characterized 
in that the guide(224) is formed on one end 
portion of a cowl member(222) extending along 
the outer peripheral surface of said second 
drum{60), the cowl member(222) guiding the 
elements(CF2,PPi) received in the grading 
grooves(213) in the feeding direction. 

5. The device according to claim 1, characterized 
in that said roiling means includes friction 
means(228) for increasing frictional coefficient 
of the outer peripheral surface of said second 
drum(60). 

6. The device according to claim 5, characterized 
in that friction means has a coating layer(228) 
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constituting the outer peripheral surface of said 
second drunn(60). 

The device according to claim 1, characterized 
in that each of the grading grooves(213) has a 
ridge(211) projecting from its groove edge on 
the rear side in the rotating direction of said 
second drum(60) and extending along the 
grading groove(213). the ridge{211) engaging 
with the corresponding element{CF2.PFi) re- 
ceived in the feeding groove(136) and putting 
the corresponding element{CF2,PFi) into the 
grading groove(213), when the grading groove- 
(210.214) passes by said first drum(58). 

The device according to claim 7, characterized 
in that said grading means includes suction 
means(212) for attracting the elements- 
(CF2,PFi) received in each of said grading 
grooves(213) by suction. 
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